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Abstract— This paper presents the performance of the 
Arduino microcontroller board in response to an advanced 
control strategy for a motor control application. Two set of 
control theories have been used and combined as known as 
the Proportional Integration (PI) - Repetitive controller. 
This controller has been designed in MATLAB-Simulink 
environment and then downloaded to the Arduino for 
testing. The test set consists of 3 phase inverter, filter, 
induction machine (IM) and a set of current controller. 
The feedback current from the IM will be the control 
parameter for the controller and the Arduino in order to 
generate the pulse width modulation (PWM) pattern. 
Different PWM pattern is generated when the feedback 
current is changing due to the changing of the load.
Keywords—repetitive control, arduino, proportional integral 
control, Matlab 
I. INTRODUCTION 
Before the development of power electronics devices, 
induction motors are mainly used in fixed speed applications. 
It is because of its robustness, reliable, low cost, high 
efficiency and durable [1, 2] system. The IM can be controlled 
in two modes, speed control and load control. For speed 
control there are several techniques such as voltage control, 
frequency control [3], changing the number of stator poles, 
controlling the supply voltage and others. As for the current 
control, the Field Oriented Control (FOC) and Direct Torque 
Control (DTC) with the conventional control strategy can be 
applied. More advanced controller also can be developed but it 
needs more input parameters such as the motor flux, motor 
speed, motor position and load current to be considered [4].  
The voltage and current applied to the motor can be 
changed by employing the power electronic converters [6] 
such as a inverter. It can change the inverter output voltage 
depends to the different pattern of PWM that been generated 
by the controller. In order to have better PWM signal, a 
combination of two controllers can be applied such as the PI-
Fuzzy controller, the PI-Time Delay controller, the PI-Neural 
Network or others. 
The PWM pattern can be generated by using the 
Digital Signal Processing or microcontroller board. As stated 
in [7], Arduino is one of the low cost microcontrollers. It has 6 
inputs outputs connectivity where it used ATmega328 
processor with the clock speed of 16 Mhz. The limitation of 
the Arduino is due to the switching frequency is less then 
1Khz.  
Arduino needs a C language to operate. As known 
the MATLAB is able to generate this language and then 
downloaded to the microcontroller board. Another advantages 
of MATLAB is, the library for the Arduino is available in 
MATLAB. This library will help the beginner to understand 
the MATLAB and Arduino more quickly. Due to this 
advantage, the control theory which is based to mathematical 
formula can be developed more easily in MATLAB. This has 
helped the author to apply this technique to this project.  
In this paper, a 3-phase inverter which is connected 
to a 3 phase 0.75kW induction motor has been developed as 
shown in Fig.1. The PI+Repetitive controller is developed to 
control the PWM pattern which is depend to the current 
feedback. The concept of repetitive control was first 
introduced in [5] for motor control technique. This controller 
has been proposed due to high performances in different areas 
such as, the PI is used in the steady state response due to 
ability to gives a zero error while the closed-loop 
hybridization of repetitive is able to track or reject unknown 
periodic signals of a known period [8]. For experimental 
analysis, Matlab-Simulink Ver.2013a has been used as a 
medium of controller designing between MATLAB, Adruino 
and the inverter.  
Figure1. The proposed block diagram 
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II. THE PROPOSED CONTROLLER 
Proportional term of output () and Integral term 
of outputs  for a PI controller are the contributor at the 
output. The proportional term (sometimes called gain) makes 
a change to the output which is proportional to the current 
error value. The proportional response can be adjusted by 
multiplying the error by a constant	
. The proportional term 
is given in (1): 
       (1) 
In the disturbance condition, pure proportional 
control is not able to follow the target value, but it will retain 
a steady state error. This error target can be reduced by 
implementation of Integral (I) function by the integral gain Ki. 
Equation (2) shows the PI control strategy when the P dan I 
have been combined.  
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PI controller is good for tracking or rejecting step 
signals but for inverter input control, the error signal is in 
sinusoidal form. In order to have good tracking performance, a 
repetitive control system should be added where it able to 
eliminate the harmonic signal [11] from the current feedback. 
The basic Repetitive controller transfer function is shown in 
(3).  

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where   is the resonant frequency which is equal to the 
synchronous frequency of the stator voltage outputs [9, 
10]. The general Repetitive control block diagram is shown 
in Fig.2. 
Fig.2. Feedback loop for repetitive controler 
Fig.3. PI-Repetitive controller proposed arrangement 
Repetitive control is said to be among the best way 
in order to make the system stable because of the application 
of ‘close -loop’ [12] task. The use of memory-loop is 
beneficial in systems with repetitive disturbances or tasks.  
III. CONTROLLER STABILITY 
For the stability test of the PI-resonant controller, 
the step response test of the plant has been used with the 
suggested controller.  
Fig.4. Step response of PI-Repetitive controller 
Figs. 4 and 5 show the step response of PI-
Repetitive and the root locus of the controller. These 
results can be collected by using the ‘sisotool’ command 
that is available in Matlab. For the step response analysis it 
shows that, the system is able to track the step signal given 
to the plant the rise time is about 0.2 second for step input. 
For the root locus diagram shows, all the poles are located 
on the zero axis which is the system is marginally stable. 
Fig.5. Root Locus and Bode diagram of PI-Repetitive Control 
After the stability of the controller has been 
determined, the next step to model the control block in 
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MATLAB software. Fig.6 shows the controller
which has been designed in Matlab-Simulink
where is based from Fig. 3. The inputs to the controller are 
coming from the target references which are the current set 
point and the current feedback from the motor. In hardwar
implementation the current sensor will be used with
Analog to Digital (ADC) converter or vice versa that 
be developed in the MATLAB. This is the advantages 
this project where the ADC and the controller diagr
be developed based on the mathematical equation 
compared by writing the program in C code.
Fig.6. Proportional Integral Repetitive controller In Matlab
          environment  
IV. SIMULATION AND EXPERIMENTAL TEST FOR THE 
PROPOSED CONTROLLER
Firstly, the proposed controlled has been tested in 
simulation environment in order to see the output v
from the inverter and also current output. It also a better 
technique for determine the best controller gain 
Ki. Fig.8 shows the whole simulation system of the project 
which consists of four main blocks which are the controller
block, the PWM block, the 3-phase inverter and the filter
can be seen that, the induction motor has been changed to the 
resistive load for easy understanding.  
Fig. 9 and 10 show the output from the inverter. Fig. 
9 shows the output voltage which is about 20Vpp whe
DC voltage is set to 10V. By changing the DC supply
output o the inverter also will be changed. Fig.10 shows the 
current at the load which is about 0.2A which is depend to the 
load size. 
 model 
 software 
e 
 the 
have 
of 
am can 
-Simulink 
oltage 
for the Kp and 
. It 
n the 
 the 
Fig.8. Overall simulation diagram develop
Fig.9. The output voltage of the PI-Repetitive
 in the Matlab 
-controller 
Fig.10. The output current of the PI-Repetitive- controller
The hardware testing has been conducted 
Kp and Ki have been determined. Fig.11 shows the experiment 
set-up that has been developed in the lab. 
modification in experimental set-up, where the 
is different from the simulation. This is because, the current 
sensor that has been used here has a bigger 
will affect the range of output voltage from the sensor. 
parameters for the experiment are given in Table 1
Table 1: Experiment’s parameters 
No Parameters 
1 Input DC Voltage  
2 PWM Frequency 
Switching in Matlab 
3 Target Voltage (10 
Fig.11. Experimental setup 
Fig 12 shows the output voltage
phase a when 20Vdc is applied to the inverter
output after the inverter is non pure sinusoidal waveform 
after the suitable 
There is a small 
sensor current 
sensitivity that 
The 
. 
Value 
30 volt 
5kHz 
– 30)  
volt ± 1 
after the filter at 
. It shows, the 
but 
has frequency of 50Hz. The voltage magnitude generate from 
the hardware is only 10V that 
of the filter size. It because the filter 
arrangement which that effect the cut of frequency of the 
filter. The filter problem will be solved in the 
Fig.12. The inverter output voltage in the hardware
Fig. 13. The PWM signal for input voltage
Fig.13 shows the first pattern
when the input current sensor/feedback
at 0.8A.  It then been converted to the 
the current sensor for Arduino
controller has been downloaded to the board
Arduino will generate this PWM pattern that corresp
the input.  
Fig.14. The PWM signal for input voltage 20V 
Fig.14 shows the different 
when the current sensor was measured
same procedure has been described
is caused by the wrong design 
was designed using coil 
next paper. 
 30V  
 of the PWM signal 
 current was measured 
suitable dc voltage by 
 process when the designed 
. At the end the 
onding to 
pattern of PWM signals 
 at 1.0A and used the 
 before. Figs. 13 and 14 
show the Adruino is able to change the PWM pattern based on 
the current sensor input and also with the proposed controller 
V. CONCLUSION 
 As a conclusion, by using the low cost microcontroller 
board such as Arduino, the output from the inverter can be 
controlled. It also shows that the Arduino is able to use more 
advanced controller which is the PI-Repetitive controller that 
been developed to generate different pattern of PWM signals. 
It shows that, the MATLAB is a best candidate to be applied 
with the Arduino, when the designer is only need to determine 
the mathematical formulation compared to writing the C 
programming. This technique will help the beginner or student 
to use a low cost microcontroller for electrical drive 
application for motor control. 
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